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Nucleotide Polymorphism, SNP）检测的连接介导 PCR（Ligation-Mediated PCR, 
LMPCR）信号放大方法。将高特异性的寡核苷酸连接法和高灵敏度的 PCR 放























变基因的单分子 SNP 检测。 
第四章：探索了面向琼脂糖液滴微流控单分子酶联免疫吸附实验
（Enzyme-linked Immuno-sorbent assay, ELISA）的酶放大方法在琼脂糖体系中
的可行性，为实现琼脂糖液滴中痕量疾病蛋白标志物的高通量单分子检测奠定
基础。实验验证了 2 %的琼脂糖溶液适用于 β-半乳糖苷酶反应，其粘度对酶反
应效率几乎没有影响。证明了酶反应产物荧光素分子不会扩散到液滴外层的油
相，以保持实验结果的单克隆性。2 %琼脂糖溶液中实验结果表明，在模拟液
滴直径为 10 µm 及以下时，单分子浓度酶反应的产物荧光强度可达荧光分光光
度计检测水平，反应信背比为 7 倍左右。而相同量产物在小体积液滴环境中的
相对浓度更高，更加有利于单分子酶反应放大检测，当液滴直径小于 10 µm 时，
油包琼脂糖液滴中痕量疾病蛋白标志物的检测可以达到单分子水平。 





















As a novel micro-reactor, water-in-oil droplet has been widely used in 
single-molecule PCR (Polymerase Chain Reaction), enzyme activity detection, the 
study of protein crystallization, gene mutation testing and other areas due to its 
characteristics such as small size, independent package, high-throughput and high 
sensitivity and so on. However, there are still some disadvantages of traditional 
droplet technology, such as lack of uniformity, low production rate of the effective 
single-molecule droplet, low reaction efficiency, the loss of monoclonality after the 
oil phase being removed and the requirement of complicated manufacturing 
techniques for real-time detection. Our group introduced a low gel point agarose 
droplet system to build an agarose droplets microfluidic detection platform towards 
single-molecule analysis.The advantages of low gel point agarose are as follows: it 
can play as reaction solution to improve the reaction efficiency and the yield of the 
effective single-molecule droplets in liquid; it can also play as the carrier of the 
reaction product to maintain the monoclonality of the product in solid; furthermore, 
the agarose gel beads can also be used for subsequent analysis such as fluorescence 
microscopy, flow cytometry and so on, without the need to build complex on-line 
detection systems. Our group has realized single-copy DNA, RNA and single-cell 
analysis in agarose droplet and achieved the application of rare pathogen detection, 
single-cell gene expression and high-throughput SELEX (System evolution of 
ligands by exponential enrichment) of aptamers. The main purpose of this thesis is 
to develop suitable signal amplification methods for the agarose system to further 
broaden the application of the agarose droplets on single-molecule level detection of 
rare disease-causing gene mutations as well as trace disease protein markers. 
Research contents are as follows: 
In chapter two, we fabricated a cross flow-focusing glass microfluidic chip. 
















sheared by carrier oil phase in the cross to generate size uniform and adjustable 
agarose-in-oil droplets. The results demonstrate that agarose droplets are of good 
stability and the droplet merging at high temperatures will not occur. Furthermore, 
the agarose gel beads remain uniform after cooling and removing oil.  
In chapter three, we established a Ligation-Mediated PCR (LMPCR) signal 
amplification method for single-molecule SNP (Single Nucleotide Polymorphism) 
detection in agarose droplet microfluidics. High specific oligonucleotide ligation and 
high sensitivity PCR amplification method are combined for high selectivity single 
nucleotide polymorphism detection. Firstly, this assay verified the feasibility of the 
LMPCR reaction in aqueous phase, agarose phase and agarose-in-oil droplet, and 
the selectivity of our designed probes to wild-type and mutant templates, thus 
established the feasibility of SNP detection. Secondly, the feasibility of the 
single-molecule LMPCR amplification in agarose-in-oil droplets was explored. The 
LMPCR forward primers were covalently coupled to the agarose macromolecules by 
Schiff base reaction so that the amplified products could be fixed in agarose gel 
beads. LMPCR products labeled with fluorescent reverse primers were analysised 
by fluorescence microscopy and flow cytometry. The results demonstrated that 
LMPCR amplification method combined with agarose droplet microfluidic 
technology could achieve the purpose of the detection of single target DNA 
molecule and the agarose droplet microfluidic technology can be used for the SNP 
detection of rare disease-causing mutation gene on single-molecule level.  
In chapter four, we explored the feasibility of enzymatic amplification method 
in agarose towards agarose droplet microfluidics for single-molecule ELISA 
(Enzyme-linked Immuno-sorbent Assay), which lays the foundation of the 
high-through single molecule detection of the trace disease protein markers in 
agarose droplets. The results verified that 2 % agarose solution is suitable for the 
β-galactosidase reaction and its viscosity almost has no effet on enzyme reaction 
efficiency. We also demonstrated that the enzyme reaction products will not spread 
















Experimental results in 2 % agarose solution showed when simulated droplet 
diameters are smaller than 10 μm, the fluorescence intensity of the products in 
single-molecule concertantion enzymatic reaction can reach the detection level of 
fluorescence spectrophotometer and the reaction signal-to-background ratio can 
reach up to seven times. Furthermore, using smaller volume of microfluidic droplet 
will favor single-molecule enzyme amplification reaction detection because the 
relative concentration will significantly increase with the same amount of product. 
Single-molecule detetion of the disease marker protein in agarose-in-oil droplets is 
possible when droplet diameter becomes smaller than 10 μm. 
In summary, we established two signal amplification methods, LMPCR and 
ELISA, for single-molecule detection in agarose droplets. These two methods 
combined with agarose droplet microfluidics will have broad application prospects 
in the field of modern biological analysis such as rare mutant gene detection, trace 
disease protein markers analysis, early diagnosis of tumor cells, single-molecule 
enzyme activity study and so on. 
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